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Application of vanadometry to determining organic pharmaceutical
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USSR/Nuclnar Fhysics - Nucleer Resctions c-5

Ref Zhur - Fizika, No 3, 1957, No 6028

Gurevich, V,L,
TIRAEARE ¢,

Capture of Neutrons with Energles of Severrl Mesv by Nuclei.

zh. oksperir, 1 teor. fiziki, 1956, 30, No 5, $61-962

The cross sections of the crpture of a perticls (neutren) upon
excitation of voluma ocscillations of tha nucleus, are cel-
culculated in the first epproximetion of the perturbetion theory.,
The weve function of the unperturbed problem is choser in the

following form _ , )
LT =¥ (r)c{ 1)
~(")’/.¥f’f}¥’“‘¥'rn~ Ver'y (TH\/ o ==y
where Uy is & spherical potentiel well, and T and W ere the

kinetic ‘and potentiel energies of the oscilletions. According
to Areujeu (Referct Zhur Fizike, 1955, 24053)

\-\}-_:1}' ) ((LJ/“J; *‘3-b‘§;f»-‘.-(:4)r\'* Q'OF:\ ) d."t‘"

4 1/2

APPROVED FOR RELEASE | 03/20/2001

CIA-RDP86 00513R000617420017 3

CIA-RDP86-00513R000617420017-"



El
/ /

PA - 2703
mo-

AUTHOR
" OITLE . --The IWIluemee e
ngnetie' feets im SemicoW
nov nyye offekty ¥
Nr 2, PP 390392 (USSR)

(v1iyaniy
akh -Russ an)
Fizikd, 19575 Vol 32,
peviewed 6/1951
e of this stripping oR

s the ymfluenc
ffﬂ‘*l (N.E.Off—

ernst—Ettingshauneu e
sume yhat the fanc-
has the

né ter-onagnit

' PERIODICﬂa Z
Received 5/1957

ABSTRACT

not oxsited.

atiom for the ca-
that the effestive
on yields for the

CIA-R
DP86-00513R000617420017-3"




IIAP
m-;zslsmtmaazﬁ;aﬁligi.,tZ&R‘:gm‘iED FOR RELEASE: 03/20/2001

a3 TR S 4
s B MR L BRI DR

CIA-RDP86-00513R000617420017-3

I TIIT
I!Uli 2 S B FRAH R Rz e =

_ISIEBRERIN

cuREVICH, VL

56-6-27/4T
AUTHOR: Gurevich, V. L.
PITLE: The Skin Effect and Ferromagnetic Resonance (Skin-effekt i ferro-
magnitnyy rezonans

PERIODICAL: Znurnal Eksperimental‘noy i Teoreticheskoy Fiziki, 1957, Vol. 33,
Nr 6 (12), PP 1497 - 1504 (USSR)

ABSTRACT: ‘The present paper investigates the nomual and the abnormal gkin
effect in ferromagnetic netals in the cas magnatic reso-
nance. Ferromagnetic resonanceé absorption ocours if the frequency
of the eleciromagne d impinging upon the surface of the fer-

romagneticum is near the eigenfrequenoy of the precession of the
vector M of magnetization around the girection of the magnetic
field H. Phis phenomenon can be described by the equetion of the
motion of the vector h ctive magnetic field. The
gignificance of the in this equation is discussed
in short. In ferromagnetic metals there exists anotheT medchari s@
vhich 1eands to @& finite width of the resonance 1ine. This nechanisn
is of importance i tion.ﬁ'in sk i er is high-
1y iphomogeneous. In pur the effects with the
widening of resonance 1ines due to exchange are most natked at low

tamperatures. With a decrease of femperature the inhomogenelty of

gt e e
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Phe Skin Effect and Ferromagnetic Resonance

the megnetic moment in the skin layer grovs. At a gufficiently low
temperature the classical theory of the gkin effect may pecome in-
applicable. pherefore, the present peper also deals with ananoma-
1ous skin offeat, not taking account, however, of the part played

by the axchange gffoot. he author here proceeds from the Haxwell
equations and from the kinetic equation {for tho conduotion alec~-
trons in metal. A8 & voundary condition the reflection-coefficient
q of the electrons oOn the surfeoce of the metal is given. The solu-
tion of this equation jg followed step by step. In this way also
the computation of surface impedance ig made possible. The reso-
nance 2 depends on the magne tic field HZ in resonanc e-1ike manner.
The gxchange effects are able to play o foticeable r8le only mneer
resonance. Next, the vorder case of the ultra-anomalous gkin effact
ig dealt with. The gurface jmpedances in this case do not depend
on the free path 1O of the electrons. Z, depends in 8 non-Tesonance-
-like manner on th8 magnetic field gtrength. In conclusion the
pases of this paper are once more discussed. There are 14 references

5 of which are Slavice.
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fhe Skin Effect and Ferromagnetic Resonance

i jconductors AN USSR .
ASSOCIATION: Institute for Sem o o re M % mauk 5553)

(Institut poluprove

SUBMITTED: July 4, 1957

AVAILABLE: Library of Congress
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4UTHOR curevicn, V.o L.
Gurevieh .o

TG rnomalous 3kin-Rrrect 1n Ferromagnetic Gubstances {snomal 'n¥y
skin-cftekt v ferromagnetiknkh) "

]
FFR1ODTCALY Zhurnal tekhnicheskoy fizikiﬁkﬂ_gB, Nr 10, PP 2352-23%54 (USSR)

ABOIRACT ¢ Thiag is an jnvestigstion of the anomaious grin-affect in ferro-
magnetic resonance. The complete gystem of equations gpecitying
this problem consists ot 8 sygtem of Maxwell's equutions.of a
xinetic equation tor thne conduction electrons, and of the equa -

tion of motion of Landau- jts tor the vector of magnetiza-
tion (Ref 2, formulae (1a), (2}, and {%3)). The third sum-
mand in the right part of equation (3) is 2 phenomenological
term describing the attenuation processes. Thege processes are
the cause tor the tfinlite widtn of the resonance 1ine. The second
summand in (3) represents the eftective field of the interaction
forces which are caused by the heterogeneity M in the skin
layer. For reasons of simplicaty the efrective rield of magnetic
anisotropy was not incorporated in formula {3). These formulae
yield formula (4)- This equation 38 to be aolved in compliancé

Card 1/3 witn the boundary conditicne present ed in the paDpeT cited by
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reference %. This paper presents a study of a special cas=z,
where the field connected with the heterogencity M can be
eliminatea from formula (3). The tar describing the dispernion
of the electrons is considered to be anisotropic. This study is
limited to the caseurt<§l, thus the formula (7) resulting. The
deduction of this formula is based upon the assumption of a
specular reflection of ine electrons rrom the metal surface.

w denotes the Crequency and T the relaxation time. In experi-
ments dealing wlth ferromugnetic resonance the frequency w or-
dinarily remains cocnstant, whereas the field Ilz and hence also

its functionsw1 and Wy vary. In this transition from the

ragonance {¢ = aH) to tne antiresonance case (Q)=(92) the

guantity Jul may vary through two or even more orders of magni-
tude, 4 - formula (6). This offers a possibility of varying
only the field H , while keeping the temperature constant, and
of obgerving the“normal as well as the anomalous skin-eftect.
B. Ya. Moyzhes discussed the work with tne author. There are

4 references, 1 of which is Soviet.
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LUTHOR : Gurevich, y. L.

HITL ““-99e%t%aff6nﬂ'df the tonductivity of Metallic ®ilms in the
tnllicheskikib

vapnotic Tacid (geroilivatsid provodimogti ne
(133 v b

pienok v maanitaon poie)

[V

Znurual eksperimenuni'noy i i eoreticheskay riziki, 1958, Vol 33,
Nr %, DD p68-677 Vi)

PBKIOELCLL:

mer (Zondkhuymer) (Ret 1) investigated
tivity oscillations of metallic
fiims on the gize ol the megnetlic rield whieh ;g vertical to
the metal gurface. For these (nheorehical) jpvestigations it
haa been ggsumed that the dispersion of electron energy 1is
igsotropic. In the present paper it is assumed that the dis-
son law of the eiectron energy is a random ORE, and that
zlso the field direction 1 is ranaom {but nov parallel to the
metal surface). Measurement of the agmpiitudes and periods in
tpe case of ditferent orientations of-ﬁ makes it possible to
draw conclusions with respect ©O the shape of the Fermi gurface
in the metal. Two types of oscillaticns are investigated: the
sirst depends on Do where p =3 pZ (pz js tne maximum vaiue of

ABUTRACT: tlready 1in 1450 sondhel
the dependence of the conduc

pers
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i

A sy =2 eﬁan(m‘vo)-1(voT5a)kﬁJ it .here n denotes ins glac-
tron denzity. @ the thickness of the film, & the electron
charge. o¥* the effective electron mass (according to Lifshizs.
izbeli', and KaganoVv (Rei 2)), and whers . . 4 {frirst osciila-
cion type) or kK = /2 {aecond oscillation type] apply. I% I8
toand that ta® puciliations ar< not a gagntuam e"fect but 8 TE-
sult of the finite thickn:ss of the film angé ot ihe fact that
tne metal surrace.
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shubnikov-ge
~nis case 1E D

fV1fH). There are § reierences. 4 ol xnich are Soviet.
]
R I R R b ] Atralis 3
IR B 2§ B0 DT 1t i )
L aalilkari b e e

CIA-RDP86-00513R000617420017-3

HEEEF LR, . _—
T ‘“ mﬂ Ju}" " ek IRSI B UHIBLE ML S EAE 111 S b
= T T ) ik ihlin E Aamia wm e -

LoV 36-35-3-17/67

1lic Films ir the WYagneuic Field

is the quasimomentum component in

he N direction); the second type 18

¥
ptien that 2 point 5, = P,
jta aign at zere. vor the order

ation amplitude one here cbtaind

effect, conductiv-

dnas (ée Grazl
Y b4 : -
to B (and nov

roportionai

CIA-RDP86-00513R000617420017-3"



"APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3

e ded o Sf aiTet (REF RHFES Pt ptd ) By M Sy o Bl ) I kP i) %Wﬁ}?!!hl !E?HEHRE@WHI“'&EQ JiIE b TS ﬁlﬁm‘l M HEEER LU RER IR FIB15oe 2 e = |l EAB SR,

5
_ |

non the Theory of

g-Math Scl -- (aiss)

Cend of Fhy
Le Spectrum of Excltsa

GUREVICH, V. L., o

e of Characteristics of ¢
Solids," Leningrad, 19
tced Scl USSR) (XL 4-60, 114)

the Influenc 1 59, 12 PP (Leningrad
Kinetic Effects iR

Physico-Tech Institute,

APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3"



"APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3

IIEHE!Ei!lﬁ!!ﬂﬁ:‘imﬂﬁiﬁi&ﬁll?@ﬁmﬁﬁ?!ﬁﬂﬁlﬁlﬁé‘é‘!ﬁiﬂE:ﬁﬂill!fﬂflH:i“lli?i}!!Hmi!Iﬁﬂli 2HEER ] .!!]ﬁmﬂﬂFBEQIIimilﬂiﬂf;’ilﬁklmnﬂfgﬂ'"'""“” B R el
- . B - R R ) FI B R TR FEN A " H )

[ i

H GO--
L, translator]. BO
BHAGAVANTAM, Bed YENKAPARATDU, ‘L‘.,GUBSVIGH \L L
s

i ‘ rod
“mo‘, “.‘0.‘ ¢ n to nwsicnl p}'ohl"ﬂ..}

te applicatio 3 . Pod red.
{Theory of group'e"ndﬂ:,mn?e k fizichesidn Pf°bi;?;? 301 De
Toorile éizﬂgpvia ° Ngakva. Izd~vo {nostre1it-r7 (MIRA 13:5)
H,H Bogollubo¥ae = o

. gli.h.

from the
Tronsiated (Groups, Theory of )

APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3"



"APPROVED FOR RELEASE: 03/20/2001

P SR DT BTG | HE RIS ST I T R N NI 1 ¥ 51 TR 27 TR [ W [ BN
; N i LT T t 3

! ER T

CIA-RDP86-00513R000617420017-3

Tii= beiied o o

67404
1
L 501/181'1‘9'28/6

\

ice

\
g tr
a3 n, Vo L /ot DielectizE=
AUTHOR _E.-——uzf“"__,_:i?",.’-—; the Thermal Cond\mthit 1476 '(USSR)
on the Theory © 959, Vol 1, §r 9, PP 1474
1 ’

a tverd08° tela,
a1 vibratio?

g enerasl L lhigh toapeT®

ures, 80

Fizik

: tic
ormallys °F
ABSTRACT ! gnveetisat1°“ °

-i}:h yibrations

phonOnB' $ ibrations must
In a biatomic 5%

t
of 1ongitudinal and

c dielectriO

t
v
ranaversal o-ptical

APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3"



"I:PROVD FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3
HH e LTS i e R T3 553 N T B S MR

IR

67604
on the Theory of the Thermal Conductivity of Dielectrics s0v/181-1-9-28/31

be equal to flg /flg - V&o/am,(cf. Krivoglaz and Pekar).For

number of substances this ratio is greater than 2 (1101,
T1Br, PbS, LiF, et al). It is briefly shown that if these
conditions are satisfied, the thermal conductivity of the
longitudinal optical phonons can play such a part that at
JL;)E
high temperatures (T2 T, = =
not proportional to T or T2, but to 7=2, Finally the
authors thank A. I. Ansel'm and L. D. Landau for their dis-

cussions and advice., Pomeranchuk is mentioned in the text.
There are 1 figure and 4 references, 2 of which are Soviet.

) the thermal conductivity is

ASSOCIATION: Imstitut poluprovodnikov AN SSSR Leningrad (Institute of
Semiconductors of the AS USSR, Leningrad)

SUBMITTED: April 9, 1959
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- 24(1)
AUTEOR s gurevioh, Vs Le.oom
TITLES The Absorption of Ultrasonios in Metals in the Nagnetio Field.I
metallakh ¥ pagnitnon pole. 1

(Poglouhohcniya ul'4ranvoka v

okoporincnial'noy i tocretiohinkoy fiziki, 1959,
(1), pp 11768 (783R)

deals with 8 the

PERIODICAL: Zhurnal
Vol 37, Nt

ABSTRACT: The present paper
the absorpiion of u
in sirong magnetio 24elds

oretical investigetion of

1trasonics in metals at low tepperatured
(1£ the Larmor groquency of oonduc=

tion eleotrons is puch greater than gollision 2requency). The
case of an arpiirary dispersion law of eleoirins end of an

arbvitrary orientation of 4he H-field with respect to the
orystal axes an {0 propagation is

d the direction of ultrason
investigated. 7% has already been oxporimantnlly'o-t-blinhcd
(Refs 1-3) that the sound abscrpiion coefficient T ahows
an osoillation effe0t if the £1¢1d -strength Ul is varied.AkhiyeseT,
Kaganov and Lyubarakiy (Refs 4, 8) developed & yheory of the
in metals (withoud & nagneliio £ie1d).

absorption of ultrasonios
guch & theadry that

The present paper intends seiiing up
field into aooount. gepecially
the

tokes especially fhe nagnetlo
4he shape of the Perni surface i» investignied ae well an
T (4) at vailous orientations of

card 1/3 periodic part of the funotion
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-The Absorption of Ultrasonics in Metals in the Magnetic Field. I

T with respect to the wave vector —l:; the magnitude of T is

evaluated according
totic behavior of
for the oase in which

to the order of magnitude. Also the. asymp-
T in strong magnetic. fields ia inveatigated
the electron oxbits are conaidarably

smaller than the sound wave lengths and in.which the function

T (2) develops monotonely.
periodic variation with respect to

experience two types of

1/, viz. oscillation and increments
glven algn whidh dommanca
astablishing the electron

1t is first stated that T may

(pericdic. changes of a
geris‘]inang‘), For the parpuse of
jiatribution fubatioa 3 tha sauird

field, the frequency gondition of Lifahiis,. Azbel and Xaganov

(Ref 7) ia used, The 083
the case of arbitrary mutual
ig especially easy if x 4 H,
currence of the jncrement is lacking.

i11latiom of

T ara to ba obaervad in
orientation of k and H, which
because then the periodic. oc-
Finally‘,.,.the aimple

case is investigated in which the Ferni asurface has a sym=

metxy centor.
for the case

card 2/3

In the following,
theory is dealt with, at first in a gonerul manner,
in which k L H. An approximated expression is
deduced for the non-osoillating part of T,
of T in specially investigated.

the quantitative part of the
and then

and the inorement
The perindic part of T may
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* The Absorption of Ultrasonics in Metals in the Magnetic Fleld. I

be represented for an arbitrary form of the collision opera- :
tor. An experimential investigation of the increments makes

it possible to determine the Gaussian curvature of the Fermi
gurface in all its elliptical points; an investigation of the
oscillations permits a complete reconstruction of the Forni
gurface if the latter has a symmeiry center. Phe author final-
1y thanks Acedemician L. D. Landau for discussions and
valuable remarks. There are 1 figure and 11 references,

6 of which are Soviet.

ASSOCIATION: Institut poluprovodnikov Akademii nauk S3SR
(Institute of gemiconductors of the Academy of Sciences, USSR)
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AUTHOR: “gurevich, Vo Lo

ption of Ultrasound 1n Metals in a Magnetic Field,

TITLE: Absor
II
teoretichesko

Zhurnal eksperimental'nqy 1
vol 37, Nr 6, PP 1680-1691 (USSR)

The first par
in a previous issu

PERIODICAL: y rizikl, 1959,

t of this work was presented by the author

e of this journal (ct., 37, 71, 1959) .
ade of the absorp-

ABSTRACT:
r radius of the conduc-
ch smaller than the wave length

of the sound. Various 1imiting cases corresponding to
various relationships petween these two lengths and the
mean free path were considered. The absorption coeffi-
cient was derived by 2 simultaneous solution of the
kinetic equation and the Maxwell equations. It was
found that there are Ltwo absorption mechanisms 1in &

magnetic field H sO
tivity electrons was mu
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Absdrptién of Ultrasound in Metals 76983
in a Magnetic Field. II SOV/56-37-6—23/55

magnetic field. One of these, a detormation mechanlsm,
1eads to absorption also in the absence of a magnetic
field. The absorption coefficient in this case can De
expressed in terms of the deformatlon potential, i.e.,
in terms of functions which determine the change in the
electron energy caused by the deformation. At experi-
mentally attainable ultrasonic frequencies and in a strong
magnetic field, this relation was round to be quite simple
in a number of cases. The magnitude of the deformation
potential can be estimated with satvisfactory accuracy
on the basis of the absorption data. The induction
absorption was found to be due to electric fields which
are formed when the conductor deformed by the sound
wave crosses the magnetic force lines. Absorption
was determined by the Joule heat generaned by the
currents due to these fields. The induction ahsorption
coefficient can pe expressed in terms of certain combina-
tions of the conductivity tensor components with com-
pensation for their time and spatial digpersion and the
dependence on H. Equatlons were obtained for the asympto-
Card 2/3 tic value of the conductivity tensor in a st rong magnetic
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field with compensation for spatial dispersions. The
peculiarities of the deformation mechanism of absorpfiocn
were as follows: (1) the weak dependence of the absorp-
tion coefficient on the direction of the sound polariza-
tion; (2) the absorption coefficient in a strong magnetic
field reaching saturation; (3) the coefficient being
proportional either to the second or the first power of
the frequency (and in the latter case it is independent
of temperature). The expression fcr the ultrasonic
absorption coefficient can readily be adapted to the case
where () to§> 1. However, the ultrasonic frequencies of

this magnitude at the present time are experimentally
unattainable. L. D. Landau participated in the discuszicn
of this work. There are 8 references, 6 Soviet, 2 U.S.
The U.S. references are: S. Rodrigues, Phys. Rev. 112,

80, 1958; D. H. Reneker. Phys. Rev. Lett. 1, 447, 1958.

ASSOCIATION: Inst. Semiconductors Acad. Sciences USSR (Institut polu-
provodnikov Akademii nauk SSSR)
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TIE DA SRR § N1 FEECOTTRA TN 4] (R T rigs : F 3 -
s [ e arin PO Wl BE S i LILE Ty} % o <l HeR i
=i ' : ik rl{r‘.,l,n:rms‘ it il sigfris b

T R S EiE s R L
oL Z 0 B LR R A 8D B N VSR L EER 181 05113 AR 1 LS R B b H TN s G —

APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3"




"APPROVED FOR :
RELEASE: 03/20/2001 CIA-RDP86-00513R00061
7420017-3

= B g .’;.‘F: HREN LRI KR IR
: B Einmﬁimlllm 38E1 Y ERR TR F LR

89215

S/056/61/040/001/021/037
24,1100 (lon,lnn,nw,\‘sqg) B102/B212

AUTHORS: ,_G_g_r,e,liﬁhylg_l_a_.,, Firsov, Yu. A.
ductivity of gemiconductors in &

TITLE: Pheory of electrical con
megnetic field. I
PERIODICALs Zhurnal eksperimental'noy i teoreticheskoy £iziki, v. 40y
no. 1, 1961, 199-213

ade of the affect of jpnelasticity of electiron

a in & semiconductor in & strong magnetic
field. A strong field is such where the diagonal tensor component of tha
¢ transversal conductivity jg small compared with the off-diegonal component \
The authors have restricted their studies to the Boltzmann
jdering two characteristic cases! 1) The little

' inelastic scattering by acoustic phonons which results in a small effect
’ only; end 2) gcattering by polarized optical oscillations, when considera-
tion of inelasticity hes 8&n influence on all characteristic relations. The

TEXT: 4 study has been m
t gcattering on kinetic phenomen

(oxx/dxy 1
statistics and are cons

Cerd 1/4
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authors proceed from a formula by Kubo (Ref. 3) which expresses O . in terms

of velocity operators of the center of mass of the Landeu oscillator, i.e.,

in terms of a Green function for an electron in & magnetic field. This

method permits very general calculations, e. g., to consider Coulomb inter-
action of electrons. The range of strong fields has & clagssical range,
where a =h6d/2kT €1 (G2is the Larmor freguency and T is the temperature),
and & quantum Tange where a 21. The quantum theory is applied in both

* ranges. A formula is first derived where conductivity 1is expressed in terms
of an integral of the retarded two-particle Green function for the electron
system in & magnetic field; that is in Born approximation with respect to
electron interaction with scatterers. The formula is investigated for &
case where electirons obey the Boltzmann statistios, aend where their mutual
Coulomb interaction is negligible. Results obtained by Kubo's formuls for
the classical range of the field strength are compared with values calculated
with the help of the equation of motion. It is found that, practically, an
equation of motion cen be used over the total classical range with a col-
lision operator independent of the magnetic field strength., The authors also
present & solution of the equation of motion in the magnetic field for

Card 2/4
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electron gscattering by 6ptica1 phonons at low temperatures. For this case
the function cxx(H) was found to consist of two horizontal and two paris

with a steep slope. The quentum corrections to O in the oclassical Tunge

have also been calculated. It was found that these can oscillate in the
ocase of sgattering by optical phonons end always pass through a maximum if
the limiting frequency &, of . the optiocal cscillations amounts to & multiple

of the Larmor frequency. These oscillations differ from nll other known
types of oscillations of statistiocal conductivity because they appear

when applying the Boltzmann statisties. When soattering by acoustic and
optical phonons for the case )wo, was considered, oxx(H) functions were

found in the guantum region which agreed with those found by Adams and
Holstein after excluding the logarithmioc factors. For the case u)°>7Q a non- l)(

nonotonic oscillation of oxx(H) was found, Like in the classical region 6
passes through maxima if W, -nQ; the quantum cor‘réotions were relatively

small in the classical range but quite considerable in the quantum region.
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These resonence oscillations of the conductivity, predicted by theory, which
are periodic in 1/H and are due to electron scattering on optical phonons,
might be observed in germanium-type atomic semiconductors. The authors
thank A. I. Ansel'm for discussionsj B. 1, Davydov, I. M. Shmushkevich,
M. A. Krivoglaz, S. I. Pekar, A. I. Larkin, Yu. B. Kumer, Vv, L. Bonch-
! Bruyevich, A. ¢, Miromov, V. G. Skobov, 0. V. Konstantinov, V. I. Perel!
and M. I. Klinger are mentioned. There are 14 references: 10 Soviet-bloc

and 4 non-Soviet-bloc.

ASSOCIATION: Institut poluprovodnikov Akademii nauk SSSR (Instituteof Semi-

conductors, Academy of Scienoces USSR)
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AUTHORS 3 Gurevich, Vi Ley Skobov, V. G Firsov, fu. A.

TITLEs Giant quantum oscillations of sound absorption by metals in
a magnetic field

PERIODICAL: Zhurnal eksperimental'noy { teoreticheskoy fiziki, v. 40,

no. 3, 1961, 786-791
~temperature sound

TEXTs A theoretioal atudy haa been wade of low
absorption by metals placed in a magnetic field. Suppous bng that ROk ¥
Q . Larmor freguency that the mean free path of conduo- \
tion electrons ig very large compared gth, and that

£ conduction electrons,

the latter is large C
gound absorption can be rega
metel electirons. In the absence 0
play the principal role in absorption,

direction of the wave vector z of sound wa
velocity wp of sound. This case has alrea

those electrons will
whose velocity component V., in the

ves is equal to the phase
dy been gtudied by A.I1.Akhiyezer,
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%. I. Kaganov, end G. Ya. Lyubarskiy (ZnETF, 32, 8375 1957), and the
present authors adopted a similar procedure. For the sake of simplicity,
an isotropic quadratic dispersion law is assumed to hold for electrons;
so, the electron energy in the magnetic field 18 given by £ = 2O (n+1/2)

+ pi/2m, where n indicates the oscillator quantum number according te
Landau,ﬂ " oH/mo the Larmor frequency, M the effective mass, and Py the

%rojection of the quasi-momentum on the direction of the field
= g-axis). Taking into account the theorems Oof conservation of energy
and quasi-momentum, and an,(pz+k>cz) - an|(pz) + Rv e , one obtains the

condition f2(n'-n) + W= v, (5). 1If the magnetic field is gtrong
enough and, thus, £1>3,7p (vg - Ferni velocity), then condition (5) will

be satisfied only with n = n'. Then, the quasi-momentum of electrons
participating in sound absorption is equal to p, = mwp/cos a,a', where

—

gymbolizes the angle between the vectors X and H. However, if wp<<vF,

then those electrons will make the greatest contribution to sound
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absorption, for which pi«'pF,

participate in absorption,

Fermi distribution.
ghown in the attached figure.

width kT. 1Its ganter

The band width ip smaller
the condition

dicate the interva

than the
PKT.

the abscissa in
The width of the interval

position depends on K; If

P, values, & particularl

giant oscillations of the ¢

occurrence of r
the condition f»ﬁ,ﬂ » kT.

determined by
greater detail.

fields produce
negleoted, and elastic elec
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(14)

Here, g is the
w the group veloocity

Giant quantum oscillations...

o aF, 1
e Ula') '8 (0sar - 0).
r Voougw ETE(a‘ &> (©aa + )
fioient of sound a;béorpt‘ion.
u, the sound-wave amplitude,
<«|Ula') a matrix element of the :

on tensor in

is obtained for the coef
density of the crystal,

vo the volunme of_*sound,
b Y
r related to the quasi-momentum);

e magnetio field; ;
are con-;_

of sound,

b
operator U (U = Ajyugyee
= tenso

-vamplitude of the deformati
the sound wavej Ay the subsc‘riptsl

« and a' indicate the state.
In the simplest ¢

of the free electron in th
ase where the components Of'Aik

>

Auggr = " Far”
stant, the electron spectrum is quadr;;ic and isotigpick gndii and H are
® 's 3¢
parallel, one has T=Togg 7 2 Sdp'b(Tn“ +-—2’—"-—'-m)x :
: L] !
RO YY) —PoS H — P/ 2m ‘
e (LR — et giim) (16|

2 2 2
where j is the Bohr magneton. Tlo = mzlf\-iknikl /21!%: QnO}Cw is the “
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Giant quantum oscillations...
n respect to P -

d absorption at H = 0. Integration wit
Qo H) + 5yl ~{ 18
et ] o

coeffioient of soun
yioldﬂ r - I‘ogg_?' 2 ch‘i

LIR]]

one obtains

is performed over N,

If BN QKT and gumnation
©
___ & &', Finall

T = (T'O/ZZ) %chz(y_f/ZkT) T‘O. ally,
case'va/2m<$v;aJ&» yg discussed. Here, the §-function can ve replaced

2 2 : s ' + ey
oy o/x [ + G%npz/m)_] the dlmenslonlisg_in egration

AQ 1 B 1 Yy — "a

variable y one obtains rzromxdyi1+ﬂ’r,‘2 TC}"’( . ) “ @)

'S

the experimentally jnteresting

, and by proceeding to

le, . 1 '

y = Pz(2ka)-1/2; B = (2kT/m)1/2x/9; A, = fj-kjl(n + E)-sszgl/kTi In the

case of giant oscillation, the raetio between the mifimum d the minimum = -
fficients is given bY T e f‘minwﬂ@ﬂ/;)‘%ﬁﬂ./k‘!»1 (25).

ible if ROLKT; if

absorption coe
It is noted that classical computations arxe only poss

Card 5/7 ¢’

2 :
: P‘“)

APPROVED :
FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3"




"APPROVED FOR RELEASE: 0
APPROVED FOR 3/20/2001 CIA-RDP86-00513R000617420017-3

R D ] e S H R v el S T R S EL I

R .
RN e R L T R Ry . R
[ p W ¥ e FR R BRI E TR SEFRP (ORI R0 Sy o

Y2131 o -
i 5/056/61/040/003/011/031 -
'Giant quantum oscillations... B102/3205

%0 kT, sound absorption in a magnetic field must be treated in & quantum-
theoretical manner. There are 1 figure and 4 Soviet-bloc refierences.

ASSOQCIATION: ILeningradskiy fiziko-tekhnicheskiy jnstitut Akademii nauk
5SSR (Leningrad Institute of Physica and Technology.,. Academy

of Sciences USSR); Institut poluprovodnikov Akademii nauk
SSSR (Institute of Semiconductors, Academy of Sciences USSR)

SUBMITTED:  July 25, 1960 (initially), November 24, 1960 (after revision)
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24.7200

AUTHORS ¢ Firsov, Yu. A., Gurevich, V. L.

TITLE: Theory of the electrical conductivity of semiconductors in

a magnetioc field. II

Zhurnal eksperimental'noy i teoreticheskoy fiz
no. 2, 1961, 512-523

TEXT: In (Ref. 1: ZhETF, 40, 199, 1961) V. L. Gurevich and Yu. A. Firsov
ocbtained an expression for the diagonal elements of the tensor (cxx) of

transverse conductivity in gemiconductors located in a strong magnetic
field. Electron interaction was neglected. The present paper deals with
the influence of this interaction on the conductivity for the case of an
jsotropioc and quadratic elactron spectrum. For systems with electron-
electron interaction, O . will be equal to zero, but it will differ from

zero if there are interactions with other gcatterers, e.g.,, phonons.
The electron energy is calculated by quantum-meohanical methods and
gpecialized for the case of Boltzmann gtatistice and a quadratic and
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isotropic spectrum. Electron-phonon interaction and consequently,
scattering probability are found to increase abruptly if the phonon .
frequency is close to the eigenfrequency of the electron system. The \Vk\\\f

authors construct precise theory, based on Kubo's formula for - ]

(Ref. 4, see below) and dxx is expanded in a power series of the
electron-phonon interaction. An exact formula is derived for Oey? and

some graphs are discussed. The expression is examined for the case where
the electrons obey a Boltzmann statistics and their scattering can be
described in the Born approximation. As an example, the amplitude height
of resonance conductivity oscillations is computed. A. I. Larkin

(ZhETF, 37, 264, 1959), 0. V. Konstantinov, V. I. Perel' (ZhETF, 39, 197,
1960), M. Born, Huang K'un (Dinamicheskaya teoriya kristallicheskikh
reshetok - Dynamic theory of crystal lattices, IIL, 1958, chapter II, §8)
are mentioned. There are 1 figure and 11 references: 7 Soviet and

4 non-Soviet. The three most important references to English-~language
publications read as follows: Ref. 4: R. Kubo, J. Phys. Soc., Japan, 12,
570, 1957; Ref., 8: E. N. Adams, 7. D. Holstein, J. Phys. Chem. Solids,
10, 254, 1959; Ref. 2: §. Doniach, Proc. Phys. Soc., 73, 849, 1959.
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ASSOCIATION: gg;ioondugtors of the Academy of Scienoces USSR)

; oh 6, 1961 (initially)
SUBMITTED: ﬁ:; 15,’1961 (after reviasion)
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j 11/0112
54212001043, 114, 1/ 0) w11/
AMUTHORS: _9ureviqh,>yiwL., Firsov, Yu. A.
TLTLEs Theory of plasma diffusion in & magnatia field

PERIODICALS Zhurnal ekspefimentul'noy L tacretichoskoy fiziki, Vv. Aty
1’10. 4’ 1961' 1151 - 1167

pEXT: The transverse diffusion coefficient for particles in ocomplately
jionized plasma is determined by employling & graph technique. The Born °’+t/’
parameter is assumed to be small, the magnetic field is assumed to be
strong, and the larmer frequency of alectrons is agssuned to be much higher
than their collision frequency. The role of electrons and ions inp the
screening of the electron-ion interaction, the deformation of Debye clouds,
and the inelastic scattering of electrcns and jons are taken into account.
The corrections o the diffusion goefficient for the effect of the mag-
netic field om electron-ion collisions are estimated. The ocas8e is st
where the bebye radius is smaller than the Larmor radius of electrons

put larger than the LarmoTl radius of ious, and where the magnetic field
affects the collisions considerably. The general axpression for the
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electronic conductivity Gii
sories of 1/@*&‘
ee
6‘xx
4 Konstantinov and v. I. Perel’
which 1s describad hero again.

tion time).

(Rofs.
A formu

in the x-direction
(Q denotes the LarmoTr frequency,
is calculated by the graph technique‘ of 0. V.

2 and 3 ZhETF, 39,
1a for the overall gontribution

s/056/61/041/004/o1 4/019
B111/B112

.

can be expanded in 8

n the eleotron relaxa-

197, 1960),

to the conductivity obtained by caloulating the normalized glectron-

electron jpnteraction is presented.

00 .
_The general expression for 6');’( is

given by [ —
Dxx = ’g%i(;;T) Sd’q q,' (—q—l—.) _&md‘. A'(O, q)+8‘(‘"v q) -
| ____:' (net/n V-z'm'/. (kn'/. 1%, (33)
oo Afw,q) =1:xq" [Re Py (s) +Re Pe(o)). - ®4)
B (wyig) = ™ (Im P4 (u) +Im Py (@) ¢
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ee 2
‘ where Dii - 6' /ne 5, and

mV() xd«k’PnMw—mﬂ@n
(m) = hﬁ Wﬂz K__‘__i _______ g R

and
e o o) %
P! (w) = & di e sin ( t + ;———nsm ) -
a; A aQp Qi ! PH/
X exp(__ 8 — _ ML cth 28 5t 5 j |

R

The general formulas are‘simplified for 2R>» 1, qz>>1/R, where R -VT/Q. .

Dye= i (2’"")/( < )’ne‘ {lnm -—’.—} e lnla? (X)4b* (x)] dx—

e F e -

8

kT eH

~ el 2ty el @

holds theoretically for Dxx
expression is
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-,

D 2. (&n )1/2 (S )2« net + 1n(0.55 qg/‘g A }at w_.;v.a,v%v%/

X

xx 3

and 1/&#2,2‘qc R (qc ~ characteristic cut-off momentum) is given by

81 /2 3/2 1

gm ——3——' ln(qTR) + 4% 1n ( ;‘ﬁ') 1n - The only difference between
this expression and that of S. T, Belyayev (Ref. 153 Fizika plazmy i

problema upr::vlyayemykh termoyadernykh eaktsiy, 3, Izd. AN S35R, 1958,
str. 66) is that ag is replaced by kT/c . This might mean that the small

gsize of the Born parameter is only necessary for collisions with large
momentum transfer, whereas in the case of small momen tum transfers the
contribution does not depend on - whether or not Born approximation is
applied. The authors thank V. I. Ferel'. V. G. Skobov (Ref. 12: ZhETF,
37, 1457, 19593 38, 1304, 1960), L. D. Landau (Ref. 13 ZhETF, 1, 203,
1937) and 0. V. Konstantinov, y. 1. Perel’ (Ref. 23 ZhETF, 39, 861, 1960)
are mentioned. There are 10 figures and 15 references: 11 Soviet and

4 non-Soviet. The three most recent references to English-language
publications read as follows: H. Brooks, Phys. Rev., 83, 879 1991.
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R. Kubo, J. Phys. Soc. Japan, 12, 570, 1957,
J. Phys. Chem. Solids, 19, 254, 1959.

E. N. Adams, T. D. Holstein,

Akademii nauk SS3R (Institute of

ASSOCIATION: Institut poluprovodnikc:v
ademy of Sciences USSR)

- Semiconductors of the Ac

SUBMITTED: April 1, 1961
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74 200 (1972, 1147, /6 )
»M_ITHORS: gurevich, V. bLe, Larkin, A. I.s and Firsov, Yue A,

TITLE: Possibility of semiconductor superconductivity “
PERIODICAL: Fizika tverdogo tela, v. 4, no. 1, 1962, 185 - 190 ‘

TEXT: The authors discuss the possibility of a trangition of a gemi~
conductor into the superconducting state. Such 2 transition is found to _
be impossible in nonpolar gemiconductors at a carrier concentration |

n <<1019 gince due to the Jow electron gtate density near the Fermi surface
phonon attraction between the electrons ig weaker than their Coulomb
repulsion. Transition in polar, nonpiezoelectric gemiconductors is
possible only if the Fermi energy ig much higher than the limit frequencis
of the longitudinal optical vibrations. The authors obtained conditionag

for bringing about this transition which are the more favorable the more
gtrongly the electron and jattice vibrations are coupled, These

conditiono are defined for InSb-type piezoelectric gemiconductors with a 1
nonpiezoelectric semiconductor being considered first. The results hold W
voth for conduction electrons and donors, and for holes and acceptors.
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The authors mention Abrikosov sho studied the superconductivity of metals
with high electron gas density, and N. N. Bogolyubov et al. who made
calculations for metals (Novyy metod v teorii sverkhprovddimosti, izd.

AN SSSR, 1958). The authors first consider a model with isotropic
etfective masa. They derive an equetion for calculating the energy gap

C e | 4 & (ug) dlyd (b))
= _ta wf | Slademctil— .
A@)=—""% SS(‘ t .,},_(m_.,,)‘) (hu,)'_e‘;-A’—-ia (12) -ly
A (13). )
L=y | Wt
VF = electron velocity at Fermi surfnce, L.y 5 7 dielectrio constants,

li\2 = (p - PF)ZV%, Ly = frequency of longitudinal optical phonons, { -Fernmi

energy. ForT other denotations c.f. G. M. Elinghberé, ZnETF, 38, 966,
© 1960, 1t can pbe seen that the maximum gap width corresnonds to the minimum
velocity at the Permni surface, i. e., to the maximun effeclive masd.
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These formulas obtained for the model with isotropic effective mass
also held for the anisctropic case up to and including one numerical
factor under the natural logarithm. In piezoelectric semiconductors
the attractive force between the electrons contributes to the exchange
of piezoacoustic phonons. Superconductivity can be the most favorably
studied in those polar semiconductors in which the electrons in the
conduction band are sufficiently concentrated and in which they are
strongly coupled with the lattice vibrations. There are 1 figure and 4
references: 3 Soviet and 1 non-Soviet. The reference to the English-

language publication reads as follows: J. Bardeen, L. Cooper, J.
Schrieffer. Phys. Rev., 108, 1175, 1957.

ASSOCIATION: Institut poluprovodnikov AN S5SSR Leningrad (Institute of
Semiconductors AS USSR, Leningrad) Q(

SUBMITTED : July 24, 1961

Card 3/3

APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617420017-3"



"APPROVED FOR RELE
55 ] ASE:
' R i R IR 1&&&55!&%.1ﬂﬁmsﬂ:mmsmmumlim;zig ?an/nig.;gﬁl » _CIA- RDPS8S6-00513R000617420017-3

A 3R

. 2h2he
5/181/62/004/002/056/051
‘o - B102/B138
M0 (1635104 3,1955 //L/L/) /313
AUTHORS: /ggﬁgxichf—i*_L44 and Firsov, Yu. A.
“~
TIILk: ' Theory of the entrainment of electrons by phonons in gemi-

conductors of the rhombohedral system
PBRIODICAL: Fizika tverdogo tela, V. 4, no- 2, 1902, 930-557

TEXT: When phonons of non-equilibrium distribution (due to & pemperature
gradient), collide with conduction electrona, the resulting electron flow
causes & current. This eifect of electron entrainment by phonons was
first investigated by L. E. Gurevich (ZnETF, 16, 193, 1946), and the
theory has been developed by C. Herring. The Theoretical considerationy
of the present paper relate to the experiments carriad out by I. M.
Timchenko-and 8. S. shalyt (FIT, 1961) with p-type tellurium. The ovder
of magnitude and the temperature dependence of the thermo-emf are
determined for various directions of temperature gradient to the crystal
axis. The carrier concentration is sssumed to be sO low that the effect
of the electrons on the non-eyuilibrium phonons is negligible. The
problem consists of two parts: 1) Golution of the kinehtic equation for
gard 1/5
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the phonons which gives bthe non-egquilibrium addition to th: prantn
jigtribution function; 2) golution of the electron kinetic equatiurr

a "force" proportional to this addition acts upon the electrons It 1s
shown that if the isoenergebic»surface of the gurriers is in crys{al
symmebry, the estimate gives .lmost the same as would resull frou the
igotropic spectrum. The hole spectrumn of tellurium has these properties
and consists; as L. I. Korovin and fu. A. pirsov (ZhIF, 28, 11, 2417,
1958) have shown, of one or two ellipsoids of rcvolubion with centers wi
the third order axis. 'The main role in the entrainment is that of the
acoustic phonons of the branch with maximua frequency w(q). For a
rhombohedral crystal of clans D3 and T e, the relaxation time of

llongitudinal phonons contacting ihe vibrational branches is given by

w@=r0, 92(Z). N X

Carl 2/5
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Theor
. g ioin it,
and when bhey Join "\ 14).
a0 {97 1 ___k_e_(_g'_Mmﬂ) , ( l)
-..,:ﬁ-_l(“,‘?)’;,‘ ! W= R \T K

~~~~~~~~~ - - lattice
~0

the cryatal unit cell, 4 functions

1 - muos ol

) ave dimenpsionles
Cmbe
§ - Debye tempe

t rature, f,‘ ,?(
stant , : | .
. | A2 if 0. v ig the dngle.bet ‘eIe

% eith second-order axis. n

which tend to zerl oh one of the

. aniclaon, . oW
of the ang shich coincldes

the z-axis V
7 9\2 kB)

g and
thece two cases

Em L (152)
B (mkT)"

2

(15%)
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hold. « is Lhe componend of the conductiviby tensor, .. ig given by

. neE?,l.

i O [ Fp
Nes =7 ld qgsin® 0g (3, 9)t(q). (5)-
i the crystal dengity and n the electron concentrotion, EO ig the Py

dueformalion potential. some of the othet characteris-
ties of Lhe pronon spechrum are also discussed. . g, Shalyt and I. k.
pimchenko are thaonked tor discussions., L. p. Landau and Ie. M.

Lifshits (Hekianika sploshnyki wred - Continuum mechanics - GITTL , 195)
are menbioned. vhere ave 2 figuras and 12 referenceas: 9 Soviet and 3 non-
goviet. The three references to English-language publications read as
follows: C. Herring. Phys. Rev. 95, 994, 19543 96, 1163, 19543 H. J. Fan,
R. S. Caldwell. Phys. Rev. 94, 1427, 1954; Reports on Progress in Phys.

X1, 107, 1956.

constant of Lhe

Gard 4/5
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ASSOCIATION. 1Institut poluprovednikev AN SSSkR Leningrad (Institute of
Semiconductors of the AS USSR, Leningrad)

STBMITTED: Gcreber 7. 1961
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ATUTHOR: gurevich, V. L.
' inzoeloctriceso
f sound o in piezoelectrie
PITLE: mhe theory of sound abuory ption im I
Lt Ll FR A A
sap2. 604 - 917
105 2 o. &, 192, YUt :
PRRIODICAL: Pigika tverdogso te.ay Ve L, n 4,
rrilia FRVE : |
i in piezoelectric gemiconductors, caused by
i 3 30U ¥ 1 PE SaF g el - : A
mEyT:  The absorphtlon Of aouiu_lhp{(ld” resulting fron the propajation of
L2 . e 1 2 7'1C 1€ S PSWa - , D :
interaction between ine elect relds o ;
sound and the carriers vas investigoaved. :

, R I v 3 i
he ve U(‘l‘b' 03 SOUui 113 1%
p & 1 15 deéc.. 1beu LS uh bk\e I
b C< Sb l.l a' il a tn_..; o Cud . \
leuoeleburlc cublc J [0 34 1 L 8 :

. ic < .
turee elastic moduli and the Olezoele E.nﬂ cies bsovﬁ ion 1s pro-

i vlar factor it low acoustic [{roeguencits, & ipversely nrOﬂortional

T % -~ . - o N Ry = 0 s

lain scalsr ihae scuore of the acoustic freguency a&nt & frequency
portional to the SGUETE viiy. UWith the increase 1n 300&?u10 trequss
to the crystal coaducuavi® iaum. ‘the deformaticn & sorovion in 2

‘.,..;’_"()‘\1“‘11 A maxiallle e R s the ¢ase
absorpiion PESIES ar;d -1tk the absorption examined ue;e; Inc;nn"red with
r W - hd b T as [ty 92~
cubic erystel 13 cof he deformation absorpiion 18 small &s I
of a nondeger nerate ba nd, uli of complex vands and in intrinsgic
n cases npLes
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senticonductors 1t is considerad eciriec froz

iztiice absorution, acousiic ab ietic field.

IfS2¢ >1 and if the narmetic il direction of

sound pronaiziion, the sound ab ent th the sguare
N ey .

of the magnetic field strength. $J i3 the Larmor Irequency, <~ is the

relaxation time of the conduction electrons. fThe lattice absorption in this
case 1s independent of X, and the velocity of sound cen be studied from
changes in the magnetic field sirength. The induction absorption of sound
in the opresence of a magnetic field is examined. At high ultrssonic
frequencies, the electroacoustic effect is eesier to observe than absorp-
tion of sound.
ABS0CIATION: Imstitut polupnrovodnihkov Al SS5H beningrnd (Institute of

Semiconductors AS USSH, Leningrad)

lovember 22, 1961
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AUTHORS: Gurevicn, V. L., Lang, I. G., and Firsov, Yu. 4.
—_———
TiPLi: The role of optical phonons in infrarel absorption by free

carriers in semiconductors

F2RIODICAL: FPizika tverdogo tela, v. 4, no. 5, 1962, 1252-1262

TEX?: ©This is a -study of infrared absorption by free carriers in
serniconducting cubic crystals. fThe danmping (caused by the anharmonic
lattice forces) of the optical vibrations (Iaho does not depend on
eleciron concentration. In the case of wealt interaction between
electrons and ontical vibrations, the dielectric constant

f{w) = :LCU)+£é(aO consists of the lattice part‘EL and the electron part
ge=4nid(w)/u=ae(w)+ibe(w).. For «K', ¢ is virtually independent of w

and ‘equal to its statistical value. T is the characteristic relaxation

4

tinme. ae(y)=-4nne2/muﬁ holds in the case of a square~law isotropic

dispersion. The expressions
Card 1/5
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Reo= 3mw(m) F(Zk—f’ Ek—T)‘ (17)
. Z .y shx L
F_'(x, y)_l/n —thns [‘x—le](IX—JI)-G—(x—{—y)KX(x_’_y)] (18) f

nold in the case of BDoltzmann statistics wh

by

unction of first order. In the limiting c

J;‘n!w - Lr}ll/kT 41, and 1«"(1»1 - w),'/\ kT at suffic

(17) 2ssumes the Iorm

| Re,_ (g.;g)( N
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2n%2 fuw; \'h /u[.r— 3y . - }, (m, __‘_,) -
Reo= ( ) ~ 1) exp kT iE (21)

3muw;

at frequoncies fﬁ)«aii/ka/1 .

Re o) increases rapidly
The dissipation

respectively.
nold production of opiical phonons.

Leczuse of the thres
of energy described by Re o(w) is ccused by second- -order effects. ]
\
Ree( (si=o)i=a) 5]
ee{w)=¢ e et
)=t = (22).

Tor u)(wt, the experimental absorpiion coefficient increaseg with
absorption decreases exponentially with

=0,

2 /—-/.

frequency. For £ /H‘“
decreasins temperature. 1In the case of Fermi statistics at

'l we\ o .
Room i (Y ()02). (@

EMERHIINNEH 1 2eda s
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=0 (e <O - - | f
Ffy=2(Tx —VI—x)+x(VTx+VI—x)— .~ | - .

el
" g v (b 7))

1-&—';;-;-\/1-9-;'

jf(x)=(2—i—;x)\/1—&~x~—(%)ln — (wx}l), R

1+-§"—_-V/l—hx

(upa 0<<x 1

(25)

x_h(“’—“‘_ll . ’ ‘. J
- ( ~ I : .
: ¥ . 2 N
ic valid when 4w, /%7 Flo - co. T /6D Cloa kR, u is the Permi
ic valid when XJJl/:(T// 1, Hw - Lul,/l\v'l‘>/1 and pF/Qm‘,I// k?. p, is the Fermi

monentum. There are 4 fizures. The most important English-language
cveference is: R. Newman. Phys. Rev., 111, 1518, 1958.

Tre
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L8500I07I0N: nstitut p g ik W SR Leni
S50 10M: 1In citut voluprovodnikov 1N $5517 Leningrad (Institute of
c

onductors AS USSR, Leningrad)

SUBLIITIED: January 2, 1962
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’ B163/B138
~UTHOR: gurevich, V. L._
TITLE: svalanche production of excitons in semiconductors

PESRIODIC.L: Fizika tverdogo tela, ¥. 4, NOe %9 1962, 1360-1382

T Exciton production in a stroag electric field is investigated J%’
theoretically. 1{ the phase velocity of the excitons is gmaller then the

irirt veloeity of the clectrons, the electronic contribution 7e to the

damping constant y can pecome negativa. If in this case lvel exceads the
lattice contribution T, {0 the damping constant, the amplitude of an

exciton weve will grow exponentially instead of being damped. Phig effect
has been theoreticelly predicted for one type of oxciton - the scoustic
vibrations in piezoelectrics, by Hutson and co-workers (Phys. Rev. Lett.,
T, 1961, 237), but it should exist for all types of lattice excitons whose
energy and qu&si-momentum are not too large compared with the average
vzlues of the corresponding electronic quantities. The special case of
ongitudinal excitons is treated where the mean free path 1 and the mean
ree time 7 of one type of current carrier satisfy the conditions ql &1,

ard 1/2
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: . ) are frequency and wave number resp. of the exciton waves.
3Jesides a direct observation of the avalanche production it may be possible Q%;
vo confira the erfect indirectly by obsedving the g¢mitted electromagnetic
radiation. Zven if the condition y w Te + 1L<IO is not satisfied, a

=
~

-
C
.
Y
o,
Q

p

oo

reduction in the absorption coe‘flclent for electromagnetlc wvaves may
become observable. Such a reduction may also be useful for the observation
¢f other effects, which under normal conditions are masked by strong
absorption. : '

ASSCCIATION: Institut poluprovodnikov, AN;SSSR, Leningrad (Semiconductor
' Institute of the 4S USSR Le ngrad)
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1. Institut poluprovodnikov AN SSSR, Leningrad.
(Absorption of sound) (Piezoelsctric substances)
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Py, B102/B104
AUTHOR: \gurevich, V. L.
TITLE: Current fluctuations in semiconductors near the non-equi-

librium steady state

PERIODICAL: Zhurpel eksperimental’noy i teoreticheskoy fiziki, v. 43, _/:
no. 5(11), 1962, 1771 - 1781 /

TEXT: The author considers the electron gas in the conduction band of a
semiconductor to which a strong stationary electrical field & is applied.
The electron gas is characterized by the single-particle distribution

_ . v , - A -
function Fp that obeys the kinetic equation e(E+%13iﬁQ: P = -5F. Here p,

e, V are the electron quasimomentum, charge and velocggy, and § is the
collision operator, which, as Fermi degeneracy is neglected, is a linear
.one. The electrons will transfer their energy obtained from the field to
scatterers (e.g. phonons) whose state is assumed as quasisteady. Then the

above equation will have a time-indeperdent solution; if the atationary
distribution F is known, the mean current density J, a nonlinear function

Card 1/7
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of r.., can be found. At any moment of time t, F_ and also 7 will fluctuate:
pst + 8F (t) and ? J+6? end the correlators &J (r,tn)éJk(r',t) will

5 rrela-
differ from zerc. The bar denotes averaging over t. _Since spatial co
tions of current fluctuations are neglected

Sir(r, t + 98 lr', ) — 8 — r) g

“~

v/
81, (r, t + 1) 0Js (r 1) = 0J; (v) d/p 0 (r — ') -
3, (%) 0x = S (O 81 )ue—tov do.
L
(841800 = g de el B (%) 0. (2a)

—co

RUS A 1
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The steady state is assumed as stable, so 6Jiz156J —0 for great v and (2a)

converges. The aim is now to derive a kinctic equation for atudymg the
current fluctuations near the steady state:

‘—im'r: (m)+e(E+ lle)al-,'r,(m)-f»'
IS rh(0) = 5 OF0 (6)
: |

e

where Spp' are the matrix elements of the collision o.perator, and

T: (w) = —2—:‘—8 drelst va (1) 6!.- (5)-

If ?p €1, ’
—iovpte(E+ L VRG4S Y Sow = - Fo (9)
(841 8J4)u = 2¢ D10 1} (@) + chrh(— o)) (1)

card 3/7 i
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follow. The diagonal elements of this tensor are

2 <1k
8J. = 4e Re./_ v w). 11a).
(873)., = de Re pfp (@) | (11a)
For a variable electrical field £k .-g‘;e'lut.
.k Lo 3k - . k 3F
-lwg  + e(E + = vH! — = -2 5 - e = 12
€ ( ct ap o pp'8pe 9P, (12)

s = . [\‘ = - 1k . - -
where j, Aikgk and A, ngpgp(a» In this way also fluctuations of
other parameters can be considered. .

applied to investigating the current
with strong

These fundamental formulas are now
fluctuations in atomic semiconductors

:’Hz and '}?=0, the electron and phonon dispersion laws being
&p=p2/2m and ah=wq. From (9)

Card 4/7
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— for} +eE T + Z"ZICqI'

X {T‘ (Ng+ 1) 8 (ep—nqg — & + hag) -+ T qo (eping — e, — hag) —
- Tv—ﬁqN a0 (ep—aq — Eo + hg) — Tv+nq {Nq + 1) 8 (ep1nq — &5 — fing)} =

= ev"F,/Zu (H)
{ca* = Ehq/2Vopw, - (15) /
’
follows and \ .-
— iyt -t = G Fole) — B} 5 (22)
I

with y*(P)=37"/p or

— {oxk (e) ‘ d*pd (e — gp) + ek Sd’pb(e —ep) -a%- o
— { pd(e — &) Sxt(ex) + = | dpdle — eibf(p). (23)
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\ dpd(e — ep) = 4 VT me™, (24)
- 2,2 .
57\ @00 (e — &) bl (p) = — ZCEME i e). (25) .

—~

from which finally
: \Y . d det
._iu)fs(-—;?)/ Xk () 4 EE-f; (e T’:—-) -+

62 ‘ ,
+_E_lE___::_E._[B‘I(xk+T‘%::.>]=BE ,—Z-;;—EF()(P,), (-30)

1, = (T/2V 2 mw?) L{mfeg)™. .

results. Eo is the deforxzation potential and Vo is put equal 1. The
results are now applied to the freguency ranges 015771 and ans<(1. In the

Gard 6/7
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first range 6?,\&;1/2. In the second case (6‘15)(,3 and (6J§)w are also«:r;1/2

but with different proportionality factors. If, in addition, 1/7~ 1, then
65}JE5 zﬂwz. The spectral densities

to E"ahow a ¢onsiderabl
fluctuations show no di

of the current fluctuations parallel

e dispersion even in the rf range the transverse il
spersion at low frequencies,

i .
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gurevich, V. L.

___,,..-——-"-"“"’" S o L P
~{imitation of sound amplificatien in piozoelgmtric semison«
:ductors ’ Gt

'T'PERIODICAL: Fizika tverdogo‘ tela, V. 5y NO. 4, 1965, 1222 - 1225

P

"5-5‘_ TEXT: Pxezoelectric semmonductorsx ina constant electric field whose |

etreng'c}x exceeds a critical value ‘E - w/‘w, w the soaic phase velocity

“and b the carrier mebility) become: unatable ‘and amht‘y ponic trave}ling

‘ waves propagated aleng E. For large crystals and lérge meliflcatlon ;

i factors the amplitudes of the. sonic waves may play the role of non-linear :
. effects, thus stopping further amplificatian. Thesu effacts are cal ouln;ted
. for the case of weak supercriticality (aéb/qxéﬂ) From the equati-:ms af |
L2 2 e e C
b ion o Sl Q__- - _..2 : ‘:13”‘?___ 4‘30' _Ame , ; : :
3 m?tl'.on ,Q-atz " £ ax® ﬂ‘ff e o -(=2) ‘a,nd- N '

o

T

e (8), which holds im "
cara 1/ 1 et
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Limitation of sound..,, - . . B102/B18 :

(j "fzrdt anproxmation, the cmrectzon to thu pha.xe veluolty i8: obtaineda
" a1 o s . . . =
p:j (4*3) 1"2; E%JT"’"' (9) and the nhase veloclty in harmonxc ap- ,
1 .

K (;M.‘_z’% T
prox:.matlon is obtained an A p TE‘T;TJ““{T) (10) Q iB the: .

7 density of the cryatal, ¢ and {3 are fhe: olaotic and “)JQ oeluxtrio modulue N

-, uds the displacement vector, w is tie displacement amplitude, -dgp/ax is | .

- the periodic part of ‘the electric fimld, n' is the surplus ocarrier concenbra- -
~tion, n = n, o+ nl Sy = N the symbol <.<> denotes averanln. over all wave-

i lengtha, Thus the wave amplztuden will ' ‘na limited by the cunaiticn

I Wy = 89 =« 0 and is ] _proportional to \];xE - Wy

JﬂSSOCIATIOJx Institut poluprovodnihov AN 'SSsR Lem.ng,mii? {Inéxt'ituta'of Semi-
\.onductors AS USSR, Leningrad) S R AR
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TITLE: On the theory of the ecoustoelectric effect 9\

SOURCE: Zhurnel eksper. i teor. fiziki, v. 44, no. 6, 1963, 21312141

 TOPIC TAGS: sound ebsorption, conductor, semiconductor, meoustomleciric
effect ' : oo : :

ABSTRACT: A theoreticel study is made of the acoustoelectric effect, which - P
conslsts in the occwrence of direct current under the influence of a traveling |
sound wave propsgating in a conductor, with the aim of constructing a phencments |
logicel theory which would be valid in the limiting cese of low sound freguencies.
In this theory the effect is regerded es being of second ¢rder in the deformation, :
The frequency dependence of the effect and its tensor chavecteristics sre , !
derived. The concepts of even and odd scoustoelectric effects mre introduced,
depending on whether the sign of the direct current remedins the same or reverpas
vhen the direction of sound wave propagation is reversed. It is shown thal the
even effect cen exist only in crystels without synmetry centers, The genevnl
considerations are illustrated with several examples, such as & plezoelectric
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. semiconductor, a semiconductory vith meny energy minima, end a conductor with ,~
~ electrons and holes. The ebsorption of sound is calculated in the lest Tt cises, |
The MendelshtsmeLeontovich theory 18 used to calculete the ebscrpilon coef?ie '
cient. Other mechanisms which lead +o ‘the absorption of sound and to the - .
acoustoelectric effect are slgo treated briefly, Orig. art, heg: 49 formulas, -
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__(Physicotechnical Institute, Acedemy of Seiences, SSsR) - o
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Theory of giant oscillations in ultrasound absorption. Zhur,
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"The investigation of & new type oscillations in the magneto-resistance"[sic.]

report submitted for Intl Conf on Physics of Semiconductors, Paris, 19-24
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: moexc T&GS* sound wave, stanchnq wmﬁé.’
pllﬁxcatz.om pzezcelec(::xc eEEec‘c .

. ABSTRAC"‘-» @he au{:hom calcula{:e th ‘a
| Standing sound wave in a piezoelectn*x.c,fqn . the. ap?p‘
Leric E:.ei&. The possible production ‘and - mnplificamion d:ﬁ ‘qU¢
waveg was fi;.st pointed: out by-De: L. ?fhite (T npp],., Ehjta, V.
12547, 1962}‘ ~Under . the assumption {hat the en ::g':{rI aired b :
| wave in the farward direction exceeds: the sum:of the 1d “gHe
backward &ii'ection and the: reflection losaea, and} tphat *&:1{ o’ refl.qde:!;c; -
- Ex:om both ends of the aemi.commc‘—or i.s almose spect;ﬂ_ar;.‘ t‘ixe antlnorm v
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Accassroﬂ ‘mz asuaugexo .
_;ax:r:i.ve ultip.xteiy &t an ex;:r:ess on'
, R E 7 fm(L} Tlﬂ"&ﬁ,("‘ v, : ‘
inere b 'is the square of ‘the dimerisicnlde: mn'gl:f.tudm L ht,e inenal.‘h of ]
the . cryzztal. x = 4uBlfec, B = prmzc:esieeﬁric modulysl, €+ dicalewe‘r:ic:
| constant, ¢ ~-- modulus of elasticity, & -~ reciprocal Dﬂhye*ﬂuckml
fradxus, Ty =" Maxwelliar relaxation time, ¥ = pB, p <= mobility. The;
' approximatione under which the formula is derived ate indicated. N
10rig. art. has: 1O formulas.
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'

AUTHORt Guxevich, V. L.

TITLE: Growth of fluctuations in an unstable system. I.

SOURCE: Zhurnal eksper. i teoret. fiz., V. 46, no. 1, 1964, 354-367

| TOPIC TAGS: hydrodynamic fluctuafions, Ronstationary fluctuations,

| inhomogeneous fluctuations, low frequency fluctuations, spatial

; growth of fluctuations, convective instability, convective system
.i instability, fluctuating oscillator, acoustic fluctuations in semi-
| conductor, piezoelectric semiconductor, light scattering by sound, '
' ‘l electron density fluctuations, semiconductcs electron density fluc-
-1 tuations, differential conductivity

. | ABSTRACT: Nonstationary and inhomogeneous low-frequency hydrodynam-
ic fluctuations are investigated for the case when the nonstationar-:
ity and inhomogéneity are small. A simple equation is derived for

fCard . 1/2 [ A, ) . i ; i - | ,__.._.‘...-‘.,.v:j .
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the simplest problem of a fluctuating oscillator under nonstationary | ..
| external conditions, from which a theory is developed and used to

il investigate the‘sPatial growth of the fluctuations associated with
the convective instability of a system. .Several applications of

| interest are tréated by way of examples. These include the growth
of acoustic fluctuations in piezoelectric semiconductor situated in -
a constant electric field, the scattering of light by an acoustic
wave, and fluctyations of the electron density inside a semiconduc- L
.1 tor with negative differential conductivity: Orig. art. has: 67 D RS
1. formulas. v .

-
- .
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- stitute, AN SSSF;) c ) ' . :
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TITLE: Nonlinear effects limiting the amplification of sound in
- plezoelectrics

| SOURCE: 2hurnal eksper. i teor. fiz., v. 46, no. 2, 1964, 598-611 |
1 . i
. t
: TOPIC TAGS: piezoelectric, plezoelectrlc semiconductor, sound propa-
. gation in p:.ezoe'lectra.c, nonlinearity, electronic nonlinearity,
elastic nonlinearity, constant electric field, stationary wave, wave

< growth, wave attenuation, stationary wave stability - | !
! ) | ! }
f ABSTRACT: A semiconductor with carriers of only one polarity (as- E
' sumed for concreteness to be electrons) is considered and the case - -
~ when lattlce absorptlon in sound is negligibly small is analyzed ©o
qualltatlvely. The method of iteration is used to lnvestlgate the -

. stationary mode? and the:-stability of the corresponding waves against
|
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